Peripheral blood lymphocytes collected from calves infected experimentally with Salmonella typhimurium (O antigens 4,5,12) 
midine than peripheral blood lymphocytes from uninfected controls (P values ranged from <0.05 to <0.0005). The responder cell type was found in a B-celldepleted and T-cell-enriched population. The Salmonella infections elicited T-cell responses against at least two cell envelope components: (i) a specific response against the 0-antigenic polysaccharide chain of the lipopolysaccharide (This was evident in that a polysaccharide from S. enteritidis [O 9,12] which shares a trisaccharide structure [O antigen 12 determinant] with S. typhimurium stimulated [3H]thymidine uptake, which, although lower than in the homologous system, was significantly higher than that seen after incubation with unrelated Salmonella sp serotype thompson polysaccharide.) and (ii) a response against outer membrane proteins (porins), which are present in both S. typhimurium and Salmonella sp. serotype dublin. The experiments with peripheral blood lymphocytes from Salmonella sp. serotype dublin-infected calves gave results in excellent agreement with those obtained in S. typhimurium-infected calves.
Salmonella infections result in stimulation of both humoral and cell-mediated immunity (7) . It is nowadays generally accepted that, although humoral immunity contributes to the host defense against Salmonella bacteria, the ability of the components of the cellular immune system to eradicate the invading organism is of overriding importance (14) .
Salmonella infections in cattle have often been judged by the presence, or absence, of the bacteria in fecal specimens. Following the infection status with tests detecting cellular immunity has been little used (1, 5) . In the accompanying paper (17) we describe the use of a skin test for assessing the delayed type of reactivity which could be detected in calves experimentally infected with Salmonella typhimurium, and the data show a specificity against the 0-antigenic polysaccharide (PS) chain of the lipopolysaccharide (LPS) .
In this communication we analyze, using in vitro studies, the uptake of [3H] (16, 19) .
Experimental animals and infection procedures. Calves (male and female), 5 to 6 weeks old (60 to 70 kg), were orally infected with approximately 104 S. typhimurium bacteria (strain SVA44) or 106 Salmonella sp. serotype dublin bacteria (strain SVA47). The infection procedure and holding of the calves were as described in the accompanying paper (17) . The system for numbering calves is the same in this and the accompanying paper (17) ; thus, the calves can be identified in both papers.
Transfer of serum from two calves experimentally infected with S. typhimurium SVA44 to two control calves was carried out as described in the accompanying paper (17) . Two hours after the intravenous injection of serum, the control calves were bled for lymphocyte stimulation tests. Clinical skin test and bacteriological examinations were done as in the accompanying paper (17) .
Humoral antibody titers in infected and uninfected calves were estimated as in the accompanying paper (17) .
Isolation of blood lymphocytes. Blood was collected in bottles in which heparin (10 IU/ml) had been added, and PBLs were isolated by the Ficoll-Isopaque method of B0yum (3) as applied to bovine blood by Johnson and Morein (11) . The viability of the PBLs was determined and was found to be 95% or more by the trypan blue exclusion test (15) . The cell concentration was adjusted to 4 x 106 viable cells per ml in RPMI 1640 medium supplemented with 20 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) (GIBCO Europe, Glasgow, Scotland), 2 mM L-glutamine, l1o fetal calf serum (GIBCO Europe), penicillin (200 IU/ml), and streptomycin (200 ,ug/ml).
Detection of immunoglobulin-bearing cells by immunofluorescence technique. Immunoglobulin-bearing lymphocytes (B-lymphocytes) were detected with fluorescein isothiocyanate-conjugated F(ab')2 fragments of rabbit anti-bovine immunoglobulin M (IgM) (15) . Before being labeled for immunoglobulin, the PBL population was incubated in serum-free medium for at least 2 h at 37°C to remove cytophilic antibodies (20 
RESULTS
Male and female calves were the same as those reported in the accompanying communication (17) . An abbreviated version of the skin testing results, using various antigenic preparations, in calves infected orally with either 104 viable S. typhimurium (O 4,5,12) SVA44 or 106 viable Salmonella sp. serotype dublin (O 9,12) SVA47 bacteria is given in Table 1 . Calves were infected on day 0 and examined daily for fecal excretion of the infecting organism. Virtually all of the calves excreted the Salmonella strain daily during the first 3 weeks after challenge and intermittently thereafter. The skin testing was done on days 31 to 35. .~4)= '0wo (4) . Levels of statistic significances: A-a, 0.05 < P < 0.1; A'-a', 0.01 < P < 0.025; A"-a", P P; H-h, H'-h', and H"-h", 0.25 < P; I-i, 0.25 < P; I'-i', 0.01 < P 0.025; I"-i", 0.05 < P < 0. Fig. 1 and 2 ). The levels of significance on days 15 and 30 were 0.01 < P < 0.025 and P < 0.0005, respectively. (Table 3) . LPS and PS preparations from S. typhimurium were efficient antigens, as was the porin preparation (Fig.  2) . The maximal stimulation seen after 15 days was the same as that for the experiments with S. typhimurium reported above ( Fig. 1 and 2) . The SI values for the PBL population when tested before removal of the B-cells did not differ significantly from those seen with the PBL-d population (0.25 < P) (data not shown).
Calves passively transferred with anti-S. typhimurium serum. Cell-free sera were collected on day 37 from two S. typhimurium-infected calves (no. 17 and 18) and injected intravenously into uninfected control calves (no. 39 and 40). No stimulation could be seen in PBLs collected from calves 39 and 40 2 h after transfusion; l°log SI values after stimulation with crude extract and LPS, PS, and porin preparations were <0.18. The antibody titers against the S. typhimurium LPS antigen were also estimated in sera collected 2 h after transfusion. Relative titers were 15,000 and 10,000, respectively, as compared with <500 in both calves before transfusion. DISCUSSION The in vivo immune reactivity, seen as specific delayed skin swellings in S. typhimurium- (Fig. 1) (17) and in this communication are in accordance. However, the PS preparation failed to elicit a delayed skin reactivity in S. typhimurium-infected calves, but readily stimulated [3H]-thymidine uptake in lymphocytes collected from these calves. The reason for this discrepancy is not clear, but we surmise that development of the delayed skin reaction is more complex than the uptake of thymidine measured in vitro (see accompanying paper for a more detailed discussion). It is also likely that the high solubility of the O-PS allows it to rapidly diffuse away from the inoculation site, thereby not maintaining a local 0-antigen epitope density high enough to sustain a delayed skin reaction (18) . It is noteworthy that such diffusion does not occur in the in vitro proliferation assays.
The possibility that contaminating trace amounts of protein(s) in the LPS and saccharide preparations were responsible for the stimulation of the thymidine uptake instead of the PS is considered unlikely based on the following facts: (i) The O-PS from S. typhimurium SH4809 contained 51l% protein as estimated by the method of Lowry et al. (12) and had, during its preparation, been boiled for hours in 0.15 M sodium hydroxide-1% acetic acid (17) . (ii) The octasaccharide was obtained by enzymatic hydrolysis followed by dialysis through a membrane with an exclusion limit of molecular weight 8,000 for globular proteins, and it was subsequently purified by gel chromatography and by highpowered liquid chromatography and found to have a molecular weight of 1,250 (16) . In these assays and by 1H-and 13C-nuclear magnetic resonance spectrometry, no evidence whatsoever was found for contaminating proteins. (iii)
The specificity found in the [3H]-thymidine uptake assays could not be a consequence of proteins shown to be the same for Salmonella sp. (9) , but must rest with the structure of the 0-PS. (iv) In a titration of the amount of porins required to give a significant uptake of [3H]-thymidine in PBLs from S. typhimurium-infected calves, the 1.0-,ug dose gave the following SI values in mean and (standard deviation): day 0, -0.02 (0.09); day 15, 0.01 (0.07); and day 30, 0.07 (0.08). These values are considerably lower than those seen for the PS preparations ( Fig. 1  and 2, Table 3 ). Since the concentration of PS used in the stimulation experiments was 10.0 ,ug/ ml, a protein contamination exceeding 10% would be required to cause the significant uptakes seen. The analytical data exclude such an interpretation.
It would be desirable to be able to show that the immunity could be passively transferred with sensitized T-cells. Practical complications working with calves have so far made such experiments nonfeasible.
We feel confident in stating that the present results show that bovine PBLs from infected calves can respond to purified PS chains or porins from relevant Salmonella strains by thymidine incorporation. To our knowledge this has not been reported previously. The responder cell type is found in a B-cell-depleted and a Tcell-enriched population as demonstrated by the enhanced ability of PBLs passed through an immunoglobulin-anti-immunoglobulin column to respond. That the PS molecules indeed can induce such a T-cell response is also strongly suggested, first, by the fact that the PS preparations are extremely pure (17) , and second, by the fact that the cross-reactions observed when LPS and PS preparations from various Salmonella strains were used as antigens correlated well with known molecular features of the PSs e.g., shared structural domains. It should be realized, however, that the present tests do not allow the conclusion to be drawn that the PSs directly can trigger T-cells, as this normally occurs via interactions with cell membranes of antigen-presenting cells (6) . We surmise that the cell-mediated immune response is elicited as a consequence of the ability of the lipid portion of the LPS to adhere and insert into mammalian cell membranes (17) . In that position it is likely that LPSs are recognized as foreign in the way virusencoded glycoproteins are recognized as foreign in virus-infected mammalian cells.
